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Summary: We assayed the isoenzyrnes of lactate dehydrogenase (EC 1.1.1.27) in commercial quality control sera
and several animal tissue extracts, using electrophoresis. We compared the Km values and activation energies of the
isoenzymes, in order to find suitable animal tissue sources with a similar isoenzyme profile to that of human serum
lactate dehydrogenase.
Some of the control sera contained only one isoenzyme fraction corresponding to porcine heart isoenzyme-1 or
chicken heart isoenzyme-1, which showed essentially no changes of enzyme acitivity as a function of pyruvate
substrate concentration. Other control sera, which contained isoenzymes from human red cell haemolysates, or from
animal tissue extracts with a human serum matrix, showed significant changes of enzyme activity as a function of
substrate concentration, and showed different Km values and activation energies from those of human serum. Of
the serum and tissue samples from several animal sources, rat heart and kidney extracts showed the greatest
similarity to human serum, with respect to the electrophoretic pattern and the Km, pH optimum and activation
energy of lactate dehydrogenase isoenzymes.
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2) Enzyme
Lactate dehydrogenase (L-lactate : NAD+ oxidoreductase, EC Normal human serum samples were obtained from healthy student
1.1.1.27) volunteers in our University after obtaining informed consent. Bo-
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vine, porcine and chicken serum samples, as well as liver, heart
and muscle specimens were obtained from the slaughterhouse of
our city. Rabbit, rat, guinea pig and mouse serum, as well as tissue
samples were obtained through the Institute of Experimental Ani-
mals of our University under the guidelines of the Institutional
Review Board. Fresh fish (Sardina) was purchased at a market.
The tissue and serum specimens weres stored at -80 °C until use
for enzyme extraction.
Extraction procedure for tissue
The tissues were homogenized in Tris HC1 buffer (20 mmol/1, pH
7.4) in an ice bath, then centrifuged at 1000 g for 15 min. The
supernatants were centrifiiged at 10 000 g for 30 min, then stored
in aliquots at -80 °C for enzyme activity measurement and isoen-
zyme assay. Lactate dehydrogenase isoenzymes from the tissue ex-
tracts were further fractionated in a stepwise manner on QAE-
Sephadex A-50 as described by Hsu et al. (8).
Electrophoresis of lactate dehydrogenase isoenzymes
Lactate dehydrogenase isoenzymes were separated electrophoreti-
cally on a buffered agarose gel at pH 8.2 using a commercially
available kit (Beckman Paragon LD, Beckman Instruments Inc., La
Brea, CA). After electrophoresis the isoenzymes were detected by
measuring the production of nitroblue formazan dye, according to
the instructions provided with the same kit.
Measurement of lactate dehydrogenase activity
Lactate dehydrogenase activity was measured with the Monarch
Chemistry System (Instrumentation Laboratory Inc., Lexington,
MA) using a commercial kit with pyruvate as substrate (LDH-HA
Test WAKO, Wako Pure Chemical Industries Ltd., Osaka, Japan).
We also performed a spectrophotometric rate assay of the enzyme
activity using a Hitachi 150-20 Spectrophotometer (Hitachi Ltd.,
Tokyo, Japan), and the results were used to determine Km ([S]/v
plot) and activation energy. The reducing of pyruvate was moni-
tored by following the NADH oxidation at 340 nm and 30 °C.
The assay mixture consisted of 50 μΐ of enzyme, 2.0 ml of sodium
phosphate buffer (67 mmol/1, pH 7.4) containing 0.22 mmol of
NADH per litre and 100 μΐ of various concentrations of pyruvate
(9). All chemicals and reagents were of analytical grade or equiva-
lent.
Commercial quality control sera
We used 13 commercially available quality control sera:
A) EXA Liquid 5 (Sankoh Laboratory Service Center, Tokyo, Ja-
pan),
B) Decision LEVEL 1, 2 and 3 (Beckman Instruments, Inc., La
Brea, CA),
C) Liquid Control Serum WAKO (Wako Pure Chemical Indu-
stries, Ltd., Osaka, Japan),
D) Moni-Trol (Baxter Healthcare Co., Dade Div., Miami, FL),
E) Nescol-X and -XA (Kaketsuken Lab., Kumamoto, Japan),
F) Q-PAK (Cooper Biomedical Inc., Malvem, PA),
G) TWIN-CONSERA (Nissui Pharmaceutical Co. Ltd., Tokyo, Ja-
pan),
H) Precinorm Ε and Precipath Έ (Boehringer Mannheim GmbH,
Mannheim, Germany),
I) Enzyme Reference WAKO (Wako Pure Chemical Industries,
Ltd., Osaka, Japan),
J) Seraclea-HE (Kaketsuken Lab., Kumamoto, Japan),
K) 3 in 1 Control (Ciba Corning Diagnostics Co., Palo Alto, CA),
L) SUITROL (Nissui Pharmaceutical Co. Ltd., Tokyo, Japan), and
M) Liquid Reference (Ciba Corning Diagnostics Co., Irvine, CA).
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Results
Electrophoretic profile of isoenzymes in qual-
ity control sera
We compared the electrophoretic patterns of lactate de-
hydrogenase isoenzymes in several commercially avail-
able quality control sera with those in sera from humans
and animals. The results showed that some quality con-
trol sera (A, B, C, D, E, F and G) contained additional
isoenzyme fractions corresponding to those of some ani-
mal sera in the human serum matrix. Control serum H
contains only one isoenzyme fraction which is different
from any of the 5 isoenzymes in human serum. Control
sera I, J, K, L and M migrated with the same profile as
that of human serum.
To identify the properties of the specific isoenzyme frac-
tions in quality control sera A-H, which differed from
the 5 lactate dehydrogenase isoenzymes in human se-
rum, we compared their electrophoretic profiles with
those of enzymes from several animal tissue sources.
Control serum A, B, C and D contained the 5 isoenzyme
fractions similar to those of the normal human serum
lactate dehydrogenase, as well as an additional fraction
corresponding to the chicken isoenzyme-1, but not to
fish isoenzyme fractions. The fractions in control serum
E-i and G-i (normal activity range) are of those in nor-
mal human serum, but control serum E-n and G-n
(pathological activity range) contained some fractions
corresponding to porcine isoenzyme-1 and -5 fractions
on the human serum matrix. The control serum F (i and
H) contained some fractions corresponding to those of
porcine isoenzyme-1, normal human serum arid other
unindentified fractions. The control serum H-i contains
a fraction corresponding to the porcine isoenzyme-1 on
the human serum matrix, but H-n consisted of only the
porcine isoenzyme-1 fraction.
Km value and activation energy
For further studies on the properties of the specific iso-
enzyme fractions in control sera, we compared their Km
values and activation energies with those of animal tis-
sue lactate dehydrogenase isoenzymes (tab. 1), These
values of the specific isoenzyme fractions in control se-
rum B and D are similar to those of isoenzyme-1 in
chicken heart extract, and the values of isoenzyme frac-
tion in control serum H are essentially the same as those
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of isoenzyme-1 in porcine heart extract. In control serum
E, which contains the major cathodal fraction and other
minor fractions, the values were close to those of isoen-
zyme-3 in chicken muscle extract. The Km values and
activation energies of the isoenzymes in control sera I
and J (which contain human erythrocyte haemolysate,
according to the manufacturer) display Km values and
activation energies similar to those of the isoenzymes of
human sera. In addition, it is evident that Km values and
activation energies of the enzyme in rat kidney and heart
extracts are very close to those of human serum.
for human serum and for control sera A, D and E, en-
zyme activities were maximal at a substrate concentra-
tion of 0.6 mmol/1 pyruvate and were decreased at
higher concentrations; the plots for the other control sera
(C, F, G, I, J, K, L and M) revealed the same effects.
Rat muscle, heart and kidney extracts showed the same
tendency as human serum in the [S]/v plot. Rat liver
extract, which contained mainly one major isoenzyme
fraction, showed a constant velocity for the enzyme ca-
talysed reaction in the range of 0.6 to 2.0 mmol/1 pyr-
uvate ([S]/v plots for control serum B and H).
Studies on rat tissue extracts
We studied the relationship between velocity and sub-
strate concentration, as well as the effect of pH on en-
zyme activity for lactate dehydrogenase from rat tissue
extracts, and compared the results with those from hu-
man serum.
Optimum values of pH 7.57 for rat heart extract, pH
7.45 for kidney extract and pH 7.43 for human serum
were found, using the 95% maximum activity horizontal
line on the pH-enzyme activity curves (fig. 1). In the
plots of velocity vs substrate concentration ([S]/v plot)
Tab. 1 Activation energies and Km values of lactate dehydroge-
nase in human blood sources, quality control sera and animal tis-
sue sources
Human serum
isoenzyme 1
isoenzyme 5
erythrocytes
Quality control sera
B
D (pathological)
E (pathological)
H (normal)
I
J (normal)
J (pathological)
Pig
heart isoenzyme 1
liver isoenzyme 5
Chicken
heart isoenzyme 1
liver isoenzyme 2
muscle isoenzyme 3
Rat
whole heart extract
whole kidney extract
whole muscle extract
whole liver extract
Km value
(μιηοΐ/ΐ)
53
56
286
81
90
84
170
172
88
56
81
167
238
88
95
104
75
61
294
175
Activation energy
(KJ/mol)
22.8
36.9
40.9
33.3
21.6
23.9
25.9
17.4
27.7
35.6
25.4
15.6
38.2
28.2
27.0
25.6
28.4
22.4
16.0
—
Discussion
Stable enzyme reference materials with a consistent ac-
tivity value are required as internal standards and for
control survey programmes (6, 10—14). Most of the
commercially available control sera studied here con-
tained various lactate dehydrogenase isoenzymes from
animal tissue sources (e.g. porcine, chicken) with a
human serum matrix. The enzyme source is occasion-
ally indicated by the manufacturer, but usually it is un-
known.
In determining the lactate dehydrogenase activity of
quality control materials, such as the internal or external
standard, different results are often observed according
to the methodology or reaction conditions. Problems
therefore arise when the enzyme activity of the same
control serum is measured with different commercial as-
say kits. This is due to differences in the isoenzyme
characteristics of each control serum (15). Buhl et al.
(10) have reported a marked improvement in the accu-
racy of virtually all methods used to determine enzyme
Fig. 1 Lactate dehydrogenase activities of normal human serum
and rat tissue extracts at different hydrogen ion concentrations,
using pyruvate as substrate in Tris HC1 buffer (10 mmol/1).
O Rat heart extract
Ο Human serum 1
• Rat kidney extract
D Human serum 2
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activities by using a highly purified human lactate dehy-
drogenase preparation, suspended in the serum matrix
during proficiency testing. When we used control sera B
and H in this study, which contained a single isoenzyme
fraction from chicken and porcine tissue sources, rela-
tively consistent values were obtained over the wide
range of substrate concentrations. A similar consistent
value was observed in each [S]/v plot for rat serum, rat
liver extract and diluted chicken serum. However, with
regard to their use as human serum type reference mate-
rial, the isoenzyme profiles of these specimens are not
similar to those of human serum. On the other hand,
control serum I and J contain erythrocyte haemolysates
of human origin and have a similar electrophoretic pro-
file to that of normal human serum, but the enzymic
characteristics such as activation energy and substrate
binding capacity are different. This seems to be due to
the fact that human adult blood erythrocytes represent a
range of cell populations of different ages. Krijnen et
al. (16) investigated lactate dehydrogenase isoenzymes
prepared frorivhuman erythrocytes and the placenta, and
found that all preparations were heterogeneous both with
respect to the protein and isoenzyme content.
Since the lactate dehydrogenase isoenzymes of rat heart
and kidney extracts resemble those of human serum,
they would be satisfactory reference materials for use as
lactate dehydrogenase activity calibrators. They could be
used also as reference materials for calibrating electro-
phoretic assays of lactate dehydrogenase isoenzymes as
described by Smith et al. (17, 18). Further investigations
must be carried out on the preparation of materials suit-
able for use as interlaboratory calibration materials and
on the demonstration of their commutäbility properties
among a representative number of common laboratory
methods.
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